Abstract-In this paper we aim to assess the dynamics of commodities ad stock markets at time-frequency domain. Our data set consists of monthly IMF commodity price indices and sub-indices, and the Morgan Stanley Capital International (MSCI) World Stock Index between January 1993 and March 2016.
INTRODUCTION
The relationship between commodity prices and stock markets has attracted considerable attention in the literature. The commodity dynamics impact has considerable implications for portfolio management strategies.
The empirical evidence on how the commodity price movements affect stock markets mainly concerns on oil and gold and is inconclusive (e.g., [1] , [2] , [3] , among others).
Recently the wavelet analysis have been applied to explore the complexity and nonlinearity of commodity-stock interaction (e.g., [4] , [5] , among others).
Our objective is to explore the decomposition of commodities and stock markets index to analyze the influence of multiscale components on their dynamic interaction over time.
II. METHODOLOGY
Consider a real or complex function, denoted as called mother wavelet.
On the basis of the mother wavelet, a family of wavelets is generated by translation and dilation (scaling) of :
where , translation parameter leads to a shift of , and is a scaling or dilation factor that controls the width of the wavelet, reduces if or increases the support of .
The continuous wavelet transform (CWT) of a continuous time-series ( ) , with respect to the wavelet function is given by:
The wavelet power spectrum of ( ) represents the local variance of ( ), is obtained as:
To analyze the time-frequency relationship between two time series we are going to consider the concepts of crosswavelet power, coherence and phase-angle.
The co-movement of two series can be assessed by the cross-wavelet spectrum. Consider two time-series, ( ) and ( ) , the wavelet cross-spectrum, interpreted as the local covariance between these time-series at each time and frequency, is defined as:
Another co-movement concept is the wavelet coherence. This concept is based in the wavelet cross-spectrum and has the advantage of being normalized by the power spectrum of the time-series. For two time-series, ( ) and ( ), the wavelet coherence is defined as:
where denotes a smoothing operator in both time and scale.
Once the wavelet coherence is not able to establish the direction of co-movement nor to establish the lead-lag relation between the series, we need to use other concept, the wavelet phase angle. The wavelet cross-spectrum expressed in (4), can be written as:
where ( ) and ( ) correspond to the real and imaginary part of a complex number.
The wavelet cross-spectrum can be expressed as:
where ( ) corresponds to the wavelet phase angle.
The wavelet phase angle is defined as:
]
III. DATA AND RESULTS

A. Data
The empirical analysis was carried out on monthly commodities index from IMF. We use the All Commodity Price Index, Non-Fuel Price Index, Fuel (Energy) Index, Crude Oil Price index, Food Price Index, Beverage Price Index, Metals Price Index, Industrial Inputs Price Index and Agricultural Raw Materials Index. The Morgan Stanley Capital International world stock index (MSCI) as the proxy the global stock market price, over the period January 1993 to March 2016. Table 1 summarizes the basic statistical characteristics of series. Figure 1 presents the wavelet power spectrum of monthly price index of all commodities and MSCI World index. The power spectrum is a measure of variance distribution at each time-frequency region represented by a color indicator, ranging from dark blue, low variability, to dark red (high power). The strongest coherence occurs at periodicities of three to four years at the first sub period and for one to four years at the period started at 2007. From 2012 to 2016 this effect seems to disappear at all periodicities. The phase angle analysis of All Commodities and MSCI World index relationship reveals a procyclical pattern over the sample, although it should be referred that components with periodicities above one year are in general in-phase whereas shorter components present on average an anti-phase relationship.
B. Results of wavelet analysis
The results of coherence and phase for Energy index MSCI World index (Figure 2(c) ) and for Crude Oil index and MSCI World index (Figure 2(d) ) show similar conclusions. 
IV. SUMMARY AND CONCLUSIONS
This study presents new evidence on the complex and nonlinear interactions between commodities and stock markets.
Based on a wavelet approach, we explore in the timefrequency domain the co-movement between several commodity indexes and the MSCI World index. The dataset consists of monthly stock index and nine commodity indexes from January 1993 to March 2016.
The analysis of the coherence and phase angle shows that the co-movement between energy and non-energy indexes with stock markets present a different nature. The strongest and statistically significant coherence in energy index pertains to the years until 2003 and between 2007 and 2012 to medium scales. On the contrary, in non-energy case the strongest and statistically significant coherence in the entire time span (1993-2016) with slightly long cycle's periodicities.
The coherence for all pair's commodity-stock market analyzed reveal substantial changes in the co-movement pattern over time, specifically during the financial crisis, it is possible verify an increase of procycle at most cycle periodicities.
Exploring the co-movement between assets help the formulation of diversification strategies and the results presented have important implications for design strategies in the short and long terms.
